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and 8 hours preservation). Enzymes releases (CK and LDH) and TTC staining 
showed an absence of necrosis prior to 8 hours preservation. Identically, mean 
calcium load inducing MPTP opening after 8 hours of preservation was signi-
¿ cantly less in comparison with hearts preserved 12 hours or more (p<0.001).
Conclusion: This study is the ¿ rst to show a transition from reversible to 
irreversible cold ischemia between 8 and 12 hours. Irreversible cold ischemia 
would involve higher sensitivity of MPTP. 
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The present study was purported to develop the technique for mitochon-
drial membrane potential ('<) assessment by means of high-resolution res-
pirometry (Oxygraph-2k, Oroboros Instr.). To this aim an ion selective 
electrode ¿ lled with the tetraphenylphosphonium (TPP+) solution was used. 
Mitochondria were isolated by differential centrifugation and a ¿ nal concen-
tration of 0.25 mg/ml mitochondrial proteins in the MiR06 buffer was esta-
blished as being optimal for '< assessment. The following protocol was 
used in order to assess the OXPHOS and ETS capacities (Fig.1 A): complex 
I-dependent respiration was stimulated by glutamate and malate (G +M, LEAK 
state) and subsequent ADP (D, OXPHOS state) addition; cytochrome c addi-
tion evaluated the intactness of the outer mitochondrial membrane; ATP syn-
thase was inhibited by oligomycin (Omy); uncoupled respiration was obtained 
by CCCP titration in steps of 1.0 PM (ETS capacity); respiration was inhibited 
with antimycin A (Ama, residual oxygen consumption). Oxygen concentra-
tion was maintained by intermittent H2O2 additions into the chamber. Before 
adding the sample a stepwise calibration was performed using TPP-chloride 
(0.8, 1, 1.2, 1.35 and 1.5 PM) since beyond 1.5 PM the ADP-dependent respi-
ration was inhibited. The inÀ uence of the above mentioned chemicals on the 
TPP+ signal was assessed (Fig.1 B). The following mean values for '< were 
obtained: Leak 213±0.8 mV, OXPHOS 179±3 mV. As showed in Fig. 1 C, 
Omy addition induced an increase to 217±0.9 mV, CCCP addition a decrease 
of '< to 160±0.9 mV, where Ama maintained the low '< value (160±2 mV). 
The standardized technique will be further used for the assessment of '< 
changes in the settings of ischaemia/reperfusion injury.
Research supported by the NASR grant 42-122 and Fellowship Project 1.5/88/S/
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Respective roles of ischemia and reperfusion in skeletal muscle mito-
chondrial respiratory chain impairment and oxidative stress produc-
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Purpose: Ischemia-reperfusion of skeletal muscle impairs mitochondrial 
complexes and induces reactive oxygen species (ROS) production. The aim 
of this study was to identify the respective role of ischemia and reperfusion 
in the genesis of these dysfunctions and the temporal changes in superoxide 
anion production.
Methods: Besides sham-operated animals (SHAM, n=9), rats were sub-
mitted to 3 hours ischemia secondary to infrarenal aortic clamping (I3, n=9), 
to 3 hours ischemia followed by 10 minutes reperfusion (I3R10’, n=8) and to 
3 hours ischemia followed by 2 hours reperfusion (I3R2, n=9). Maximal oxi-
dative capacities (Vmax) that characterize complexes I, III and IV activities 
of mitochondrial respiratory chain were determined. Superoxide anion produc-
tion was assessed by dihydroethidium staining. 
Results: Vmax was not impaired after ischemia alone (6.2±0.4mol/min/g 
dry weight) or ischemia followed by 10 minutes reperfusion (5.8±0.55mol/
min/g dry weight), as compared to SHAM (6.1±0.5mol/min/g dry weight). 
I3R2 reduced Vmax (4.1±0.4mol/min/g dry weight) (p=0.009). Superoxide 
anion production (+90%) was detected in groups I3 and I3R2, as compared 
to SHAM (p=0.009).
Conclusion: Ischemia alone increases superoxide anion production, from 
which skeletal muscle is washed after 10 min but not after 2 hours reper-
fusion. After 3 hours ischemia, mitochondrial respiratory chain impairment 
occurs only if followed by 2 hours reperfusion.
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Implication of mitochondrial permeability transition pore in the transi-
tion from reversible to irreversible hypothermic myocardial ischemia
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Introduction: The aim of this study was to evaluate the ischemic func-
tional recovery related with mitochondrial dysfunction during different time 
of hypothermic heart preservation.
Methods: Rat hearts (n=65) were perfused according to Langendorff tech-
nique, arrested and preserved with Saint-Thomas’ Hospital solution during 4, 
8, 12, 16 or 24 hours at 4C°. Cold ischemia was followed by a 60 min reper-
fusion for functional assessment. Necrosis was evaluated by TTC staining 
method and by measuring CK and LDH leakage in the coronary efÀ uents. 
Hearts were also reperfused 10 min and mitochondria were isolated to assess 
Ca2+ resistance capacity of the MPTP.
Results: Data showed that a transition from reversible to irreversible 
ischemia occured between 8 and 12 hours cold preservation. Hearts preserved 
4 and 8 hours showed better functionnal recovery with RPP averaging at the 
end of the reperfusion 17664±1941and 14278.4±2176. On the contrary, hearts 
preserved 12, 16 and 24 hours were irreversibly damaged (with RPP averaging 
respectively 2683±895, 2711.5±378 and 1776±98 mmHg/min, p<0.001 vs 4 
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Mitochondria play a central role in cardiovascular pathology. In particular, 
modulation of mitochondrial respiration in the settings of postischaemic reper-
fusion can attenuate the extent of myocardial injury. The aim of the present 
study was to investigate the effects of two porphyrins (compounds able to 
enter mitochondria): Zn(II)-5,10,15,20-tetrakis(4-pyridyl)porphyrin (ZnTPyP) 
and 5,10,15,20-tetrakis(4-allyloxyphenyl)porphyrin (TAPP) on respiratory 
function of rat heart mitochondria isolated by means of differential centrifuga-
tion technique. Oxygen consumption was measured at 370C by polarographic 
oxymetry in a Clark–type electrode in the presence of complex I (glutamate + 
malate) and complex II (succinate + amytal to inhibit complex I) substrates. 
Basal (state 2) and ADP-stimulated (state 3) respiratory rates were recorded 
and expressed as nanoatoms oxygen/min/mg protein. Three different concen-
trations of each porphyrin (3, 5 and 10 PM, respectively) were added to the 
incubation buffer. In the presence of glutamate and malate, ZnTPyP (5 M 
¿ nal concentration) signi¿ cantly increased state 2 and state 3 respiratory rates 
(p<0.0001 vs. Control) but had no effect on complex II dependent respira-
tory rates. Addition of TAPP (5 M ¿ nal concentration) decreased by 36% 
the ADP-stimulated respiration supported by complex I and, by 18% complex 
II dependent basal respiration. In normal isolated rat heart mitochondria, 
both porphyrins elicited a concentration-dependent effect on complex I and 
complex II supported respiratory rates, an observation that clearly warrants 
further investigation view their potential application in pathological conditions 
such as ischaemia/reperfusion injury.
Research supported by the National Authority for Scienti¿ c Research grant 
42-122.
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Background: Mitochondria play a critical role in deciding the fate of car-
diomyocytes subjected to ischemia-reperfusion injury. The occurrence of a 
sudden change in the permeability of the mitochondrial membranes (mito-
chondrial permeability transition pore, PTP) has been proposed to play a role 
in ischemia reperfusion injury. Mitochondrial Cyclophilin-D (CyP-D) is a 
major regulatory component of the PTP.
Objective: Our aim was to study the impact of PTP inhibition on cardio-
myocytes viability after hypoxia-reoxygenation.
Methods: Isolated adult mice cardiomyocytes (Wild Type (WT) and CyP-D 
KO) were submitted to 30 min of simulated ischemia followed by 120 min 
of reperfusion. Cell death (using propidium iodide) and PTP opening (using 
Calcein-CoCl2 technique) were followed in time lapse À uorescence micros-
copy. Cardioprotection strategies, as preconditioning and postconditioning, 
using CsA (1M) were performed.
Results: CsA-pre and postconditioning decreased cell death in WT cardio-
myocytes (to 38 ±3% and 37 ±4% respectively Vs. Control: 57 ±7%). After 
ischemia-reperfusion sequence CyP-KO cardiomyocytes were as resistant as 
CsA-treated WT cardiomyocytes with cell death averaging 40 ±3%.
Conclusion: Our data suggest that pharmacological or genetic inhibition of 
CyP-D improves cell survival following ischemia-reperfusion. It also proved 
that inhibition of PTP participated to cardiomyocytes survival. 
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